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Summary & Key Points

• HABs result from noxious and/or toxic algae that cause direct 
and indirect negative impacts to aquatic ecosystems, coastal 
resources, and human health.

• HABs are present in nearly all aquatic environments as 
naturally occurring phenomena.

• Many HABs are increasing in severity and frequency, and 
biogeographical range. Some of this expansion is attributed 
to climate change and global change.

• Research has improved understanding, leading to better 
prediction and monitoring, and potentially, mitigation.

• HABs are a worldwide phenomenon requiring international 
understanding leading ultimately to local and regional 
solutions.

• HABs must be integrated with policy decisions.



• HABs result from noxious and/or toxic algae that cause 
direct and indirect negative impacts to aquatic 
ecosystems, coastal resources, and 

human health
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“…this has been the deadliest red 

tide for state abalone in at least 

three decades.”

Press Democrat, 7-Sep-11



Blooms and Water Quality are Linked

Honner, Kudela & Handler 

(2012), J. Emergency Medicine

September 2009—53 

year old woman diving in 

Monterey suffered from 

bilateral mastoiditis (ear 

infections penetrating to 

the brain).

Retrospective analysis 

linked high pathogen 

loads to red tides.



Jessup et al. 2009, PLoS-ONE



overflight data and map - Joe Evenson, WDFW; photo - Chris Cook, Forks Forum; site map and graph - COASST

COASST 
Survey Sites

Overflight Counts:
13,000 birds on the water 

Cape Flattery - Columbia River
93% scoters
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COASST Counts:
800 dead 

Hole-in-the-Wall - Beach 1
78% surf scoters

highest beach - 227



Harmful Algal Bloom Marine Bird Mortality

Shumway et al., 2003 Harmful Algae 
Jessup et al. 2009 PLOSOne
COASST

2250 Black Ducks, other 

waterfowl

New Hampshire, 

1972

Gonyaulax 

tamarensis

  140 Brown Pelicans, 

Brandt's Cormorants

Santa Cruz, CA, 

1991

Pseudonitzschia 

australis

  150 Brown Pelicans Baja California, 1996 Pseudonitzschia 

spp.

  550 Northern Fulmars, 

Common Murres, 

large grebes

Monterey Bay, CA, 

2007

Akashiwo 

sanguinea

8000 Scoters, other divers Washington State, 

2009

Akashiwo 

sanguinea

# Affected Birds Location, Year HAB Species



HABs are present in nearly all aquatic environments as 
naturally occurring phenomena

In the Baltic 
cyanobacteria blooms 
prevent recreational use 
of the coast in summer. 
Photo: B. Karlson, SMHI. 

In the Mediterranean, high-biomass 
blooms of the epiphyte Ostreopsis are 
associated with respiratory irritations in 
beach users. Images: J.M. Fortuño, M. 
Vila, ICM-CSIC. 

Ciguatera Fish Poisoning caused by Gambierdiscus, is an 
endemic sea-food borne intoxication in the Pacific Islands 
and the Caribbean. Images: M. Chinain, M. Faust. 



Lefebvre et al., 2016, Harmful Algae, DOI: http://dx.doi.org/10.1016/j.hal.2016.01.007 





San Francisco Bay

Focusing on SF Bay, we know that 
several algal toxins are nearly 
ubiquitous in the Bay.

The Bay seems to act as a mixing bowl 
for both freshwater and marine 
toxins…
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San Francisco Bay



Domoic Acid from SPATT
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Those toxins accumulate 
in the food web

>20 
ppm

10-201-10

< 1

>24 
µg/kg

12-242-12

< 2

>80
µg/100g

40-8010-40

<10

Domoic Acid
(100% of mussels contaminated)

Microcystins
(82% of mussels contaminated)

Paralytic Shellfish Toxins
(25% of mussels contaminated)

>160 
ppm

100-15911-99

< 10

Okadaic Acid and DTX-1
(100% of mussels contaminated)



Microcystins in Natural Mussel Beds



Initial Concentration
Commercial Oysters, 24h exposure

Hours Weeks



Many HABs are increasing in severity and frequency, and 
biogeographical range. Some of this expansion is 
attributed to climate change and global change.



Global Expansion of Multiple HABs





Cochlodinium has a broad 
temperature tolerance (bottom), 
but is most toxic at low growth 
temperatures (right)



2015: An Unprecedented Year

• Trophic Transfer:
• Mussels up to 200 ppm
• Anchovy 100-600 ppm, viscera >3,000 ppm
• Razor Clam 340 ppm
• Rock Crab = 1,000 ppm
• Dungeness =  270 ppm
• West Coast survey: 100% of fish contaminated

• Feb 16, 2016: California Requests Federal Disaster Relief



Anchovy Contamination

N=10 individuals

Average Domoic Acid:

Viscera = 2076 ppm
Head = 184 ppm
Body = 35 ppm

Regulatory Limit=20 ppm



Prolonged Exposure?

Ling Cod Red Muscle:
0.5 ppm (10x increase)

Halibut Red Muscle:
2.5 ppm (~100x increase)

Rockfish
Market Squid
Ling Cod
Halibut

King Salmon
Coho Salmon
Mackerel
Sardinops

0.03 - 15 ppm



http://nordicmicroalgae.org/taxon/Pseudochat
tonella





Nitrogen (inorganic N) export from watersheds to coastal systems. units: kg N km-2 watershed y-
1. From S.P. Seitzinger and C. Kroeze 1998. Global distribution of nitrous oxide production and N 
inputs in freshwater and coastal marine ecosystems. Global Biogeochem. Cycles 12(1): 93-113.





Are The Data Correct?

Boyd et al. 2013, PLoS ONE 8(5) e63091



Harmful Algae 2015, 
49: 68-93



Recommendations (13 Total):

• A best practices manual for HAB and climate 
change research 

• A greater emphasis on multifactorial laboratory 
experiments 

• Better global assessment of HAB species responses 
through ‘‘Common Garden’’ experiments 

• Explicit coupling of HAB modeling and forecasting 
platforms to complex ecosystem models 

• Expand studies on the social science of harmful 
algal blooms 



Research has improved understanding, leading to better 
prediction and monitoring, and potentially, mitigation.



https://www.epa.gov/sites/production/files/2014-12/documents/habs-davis-12-10-14.pdf



HABs must be integrated with policy decisions



Harmful Algal 

Blooms



HABs must be integrated with policy decisions





HABs are a worldwide phenomenon requiring 
international understanding leading ultimately to local 
and regional solutions

GEO/Blue 
Planet

IOCCG

Future 
Earth

IMBER

International 
programmes

GlobalHAB

SCOR IOC IPHAB

GEOHAB 
Asia

CEO-
HAB

US-HAB

PICES

ICES

CIESM?

Other?

International 
organizations

ISSHA

Other?

GOOS

International 
programmes

IAEA?



US IOOS Biology Task Team:
HABs (and phytoplankton species) identified as Essential Ocean Variable

Global Ocean Observing System Biology & Ecosystem Panel
HABs identified as an Essential Ocean Variable

Harmful Algal 

Blooms





MISSION
To improve understanding, prediction, management and 
mitigation of HABs in aquatic ecosystems.

GOALS
• GlobalHAB will address the scientific and societal 
challenges of HABs, including the environmental, human 
health and economic impacts, in a rapidly changing world.

• GlobalHAB will involve participants from related fields of 
natural and social science, and will link with other regional 
and international organizations and initiatives relevant to 
HABs.

• GlobalHAB will foster intercalibration among existing 
methods, as well as promoting the development and 
adoption of new technologies.

• GlobalHAB will promote training, capacity building and 
communication of knowledge about HABs to society. 

• GlobalHAB will serve as a liaison between the scientific 
community, stakeholders and policy makers, promoting 
science-based decision making.



GlobalHAB Target Areas (DRAFT)

• Benthic HABS (from GEOHAB Programme)

• HABs & Human Health
- To determine long term effects of low level exposure to aquatic 

biotoxins on human health, animal health and aquatic 
organisms.

- To determine the synergistic or antagonistic effects of multiple 
aquatic biotoxins on human and marine organism health.

- To improve coordination between algal biotoxin monitoring 
and public health surveillance activities.

• HABs in Fresh & Brackish Water
- To synthesize and share information on mitigation with managers
- To improve communication between scientists and managers working on freshwater and 

cyanobacterial HABs 
- To identify emerging issues for cHABS across freshwater, brackish and marine habitats, 

both benthic and pelagic

• Economics of HABs
- To develop cross community understanding of the economic impacts of HABs and hence 

to define methodologies and criteria capable of robustly assessing (at both regional and 
local levels) the economic costs of HAB and methods to predict and mitigate them.



GlobalHAB Target Areas (DRAFT)

• Toxins
Applied goal: Development, evaluation and regulatory validation 
of toxin analysis (better, faster, cheaper)
Fundamental goals: Characterize genetic and environmental basis 
for toxin production and determine mode of action of toxins.

• HABs in a Changing World
To understand global patterns in HAB responses to common 
drivers (thermal windows, stratification, nutrients). 
Key questions: are windows of opportunity expanding, or simply 
shifting in space and time? Are the common drivers moving into 
novel combinations, or shifting coherently?

• HABs & Aquaculture
- To determine the potential effects of nutrients, shifting nutrient ratios, and/or organic 

matter from aquaculture in promoting HABs.
- To identify modes of impact and mechanisms in HAB interactions with aquaculture



Summary

• We have a good understanding of the MAIN 
toxins/organisms… but it is also clear that the details 
matter (species, strains, unanticipated effects)

• Globalization and climate change are leading to new 
issues, new impacts

• We have a very poor understanding of the 
interactive effects of multiple organisms/toxins

• We need to move beyond “simply” doing science, 
and justify HAB research/monitoring within a 
societal context

• Now is the time! We’ve never had so much 
opportunity to engage beyond the HAB community


